Abstract. We analyzed the population dynamics of Swainson' s Thrushes (Catharus ustulutus) breeding at the Palomarin Field Station of the Point Reyes Bird Observatory using 15 years (1980-1994) of long-term, standardized mist-net data. The capture rates of adults and hatching-year birds provided indices of adult abundance and productivity respectively. Annual variation of these indices was high, and linear regression analysis revealed no longterm trends. However, numbers of new and total adults captured in a given year were significantly dependent on the number of hatching-year birds caught the previous year. In addition, per capita productivity was inversely density-dependent and may partially regulate adult abundance. These results suggest that Swainson' s Thrushes at Palomarin are most limited by the production of young on the breeding grounds. Return rates of hatching-year birds were exceptionally high compared to other species (18.3%). Strong habitat specificity on the breeding grounds may elevate this return rate and strengthen the link between productivity and adult abundance in this population.
INTRODUCTION
Demographic factors influencing neotropicalnearctic migrant population changes are difficult to investigate due to the distances traversed annually. Also, migrant populations limits are poorly understood. Some have suggested that increased over-winter mortality, especially in juvenile birds, due to habitat loss in tropical wintering grounds, is an important factor limiting migrant populations (Morse 1980 We investigated the population dynamics of a western Swainson' s Thrush population using 15 years (1980-l 994) of standardized mist-net data. Specifically, we addressed the hypothesis of summer limitation by investigating the relationship between productivity in one year and adult abundance in the next. We considered potential mechanisms of this relationship by examining hatching-year bird return rates and the influence of adult density on per capita productivity. Lastly, we tested the efficacy of four different indices of adult abundance using capture rates from mistnet data. (Fig. 1) . The nets were opened in a standardized manner for six hours per day beginning 15 minutes after local sunrise, thus, 120 net hours were accumulated each full day of netting. Fourteen of the 20 nets were located at eight sites along the edge of a riparian woodland in mixed evergreen forest, while the remaining six nets were located in successional stage coastal scrub adjacent to the riparian woodland (Fig. 1) gust HY captures included in the index of productivity.
MATERIALS AND METHODS

From
To estimate adult abundance, we attempted to eliminate transients (those birds which pass through Palomarin during their northerly or southerly migrations without staying in the area to breed) and floaters (birds that remain in the general region, but do not establish a persistent territory in which to nest) from the analyses. Adult Swainson' s Thrushes typically arrive in late April and capture rates remain relatively high, peaking in early May (Fig. 2) . Thus, unlike young birds, a period of predominately transient adults is not evident, prohibiting the elimination of transients based on arrival and departure dates alone. Therefore, we included adults captured between 1 April and 31 July as potentially breeding individuals, and considered four separate indices of adult abundance: (1) total number of adults, (2) number of adults returning between years, (3) number of adults recaptured within a breeding season, and (4) number of adults recaptured within a breeding season over a period of at least seven days. For purposes of comparison, analyses were conducted using all four indices of adult abundance.
To estimate the number of young produced per adult Swainson' s Thrush, we divided the total number of HYs by the total number of AHYs captured in a breeding season (DeSante and Geupel 1987, sensu Arcese et al. 1992). Lastly, we defined new adults as those birds which were previously unbanded, and assume they provide an index of the number of one-year-old recruits.
We used standard techniques of parametric statistics (Sokal and Rohlf 1981) Swainson' s Thrushes, the relationship was 2 strengthened only slightly for the "total adults" 5 index, and was weakened for the other three indices (Table 1) (Fig. 6) at peak than at low abundances (Fig. 6 ).
Year
If density-dependent factors are operating, were not significantly correlated with year or the number of HYs captured within a year (P > 0.05).
DISCUSSION THE IMPORTANCE OF PRODUCTIVITY
Population limitation results from the sum of density-dependent (regulatory) and density-independent factors that affect rates of production and loss in a population (Begon and Mot-timer 1986, Sinclair 1989). Thus, those factors which influence abundance the most strongly may be regarded as limiting factors, and can occur in a specific time (season) or place. For Swainson' s Thrushes breeding at Palomarin, the number of adults in a year was strongly influenced by the number of young produced the previous year (Table 1 ) and although adult abundance was highly variable (Fig. 3) , up to 60% of this variance may be attributed to annual variation in productivity (Fig. 5) . This result identifies the relative capacity for productivity to determine abundance and suggests that productivity is the dominant factor influencing this population. In addition, density-dependent per capita productivity (Fig. 6 ) may regulate the population by acting to return it to mean density. Therefore, we conclude that Swainson' s Thrushes at Palomarin are most limited, and at least partially regulated, by the production of young during the summer. Very few studies of long-distance neotropicalnearctic migrants have investigated the relationship between productivity and adult abundance. Nolan (1978) found that the percentage of adult female Prairie Warblers (Dendroica discolor) in a summer population was correlated with productivity in the previous year. Sherry and Holmes (1992) found that fledging success in a year significantly increased yearling recruitment in the next for American Redstarts (Setophaga ruticilla), but did not affect the total adult population. Because Swainson' s Thrushes lack the delayed plumage maturation present in male redstarts, we cannot as easily detect unbanded one-yearold recruits. However, new adults, which we assume are comprised primarily of one-year-old recruits, were correlated with previous productivity (Fig. 7) , suggesting that productivity was affecting the total population by influencing recruitment. Roth and Johnson (1993) found adult abundance to be significantly correlated with the number of local young produced the previous year for Wood Thrushes (Hylocichla mustelina), but new adults were not significantly correlated. The Monitoring Avian Productivity and Survivorship (MAPS) program has also shown that adult abundance declined following decreased productivity over a wide range of species and regions (DeSante et al. 1993), although these results are based on only a few years data.
Density-dependence is statistically difficult to demonstrate, except perhaps by using experimental manipulations (Sinclair 1989 
METHODOLOGICAL CONSIDERATIONS
The results of this study show the importance of careful methodology in the analysis of population dynamics using long-term, standardized mist-net data. First, it is important to understand the seasonal patterns of juvenile captures (see (Fig.  2) . In addition, of 268 Swainson' s Thrushes first caught before 1 August of their hatching year, 63 (23.5%) were captured at least once more during the summer. This indicates that these birds were persistent in the area, and were most likely produced locally. In contrast, of 23 1 birds first captured in August, only 13 (5.6O/o) were captured again. Thus, HY birds captured in August are probably more transitory and less likely to have been produced locally, and their inclusion in the data set may confound results (Table 1) .
We found that the relationship between productivity and adult abundance remained significant for all criteria used to eliminate adult transients and floaters, although the strength of the relationship (r2) was increased by using more effective indices (Table 1) . Simply indexing adult abundance with all adults captured undoubtedly includes many transients and floaters. Using either the number of returns or recaptures over a period of at least a week probably eliminates most nonbreeders from the analyses, but these strict criteria greatly reduce sample sixes, may exclude some breeders, and are not practical for small populations or studies with less intensive banding efforts. A study of Swainson' s Thrushes migrating through Minnesota showed that mean stop-over durations were less than five days (Winker et al. 1992) , and transients are therefore less likely to be recaptured than are breeders. Nur and Geupel(1993) found that most (62%) breeding Wrentits (Chamaea fasciata) were caught more than once in a breeding season while most non-breeders (72%) were not, thus, floaters are also effectively removed from the data set by using more liberal recapture criteria. Therefore, we found that using the number of recaptures within a breeding season was the most effective way to index adult abundance using capture rates from mist-net data.
